Neutrino oscillation implies by the renormalization group equation that the lepton mass matrix rotates with changing scales so that mass eigenstates at one scale are no longer eigenstates at other scales. This leads to lepton-flavour violations (transmutations) different in nature from say FCNC effects. Transmutations are seen to be most prominent at intermediate energy scales in the mass range populated by known vector bosons, the leptonic decays of which are thus a good laboratory for testing these predictions. Calculations carried out in two explicit schemes give branching ratios satisfying all known experimental bounds, but within the present experimental capability of BEPC, PEP II (BaBar) and BELLE for the µ ± τ ∓ decay mode of ψ(1S), ψ(2S), Υ(1S) and Υ(2S). Search for these decays will test renormalization theory, bound the right-handed neutrino mass, and probe deeply into the likely origin of fermion generations.
The importance of flavour-conservation as a possible fundamental concept has long been recognized and its consequences subjected to rigorous experimental tests. In particular, the very stringent bounds set on µ → eγ, and µ → eeē decays, which are at present respectively 1.2 × 10 −11 and 1.0 × 10
for the branching ratio over the predominant, already weak, decay for µ, tend to give the impression that any violation of lepton flavour would have to be extremely small. However such a conclusion, we think, would be premature, for not having taken account of the fact that the mass matrix rotates with the energy scale, which phenomenon itself is a necessary consequence of the renormalization group equation in the Standard Model so long as there is nontrivial mixing between the up and down fermion states. Indeed, the RG equations satisfied by the mass matrices U and D of respectively the up and down fermions read as [1] :
Nontrivial mixing between up-and down-states means that U and D cannot be simultaneously diagonalized. Hence, even if U in (1) is chosen to be diagonal at some t, the term DD † U will necessarily de-diagonalize the matrix U on running to a different t. In other words the matrix U will rotate with changing t. Similar arguments hold also for D in (2) . Now physical flavour states are usually defined as the eigenstates of the mass matrix. But if the mass matrix rotates with changing scales, then this definition is insufficiently precise, since eigenstates at one scale will no longer be eigenstates at another scale. Whatever scale(s) one may choose to define the flavour states, at other scales the mass matrix will no longer be diagonal in the flavour states thus defined. In other words, at those other scales flavour-violation will occur. This will be the case even when no actual flavour-violating vertex is present in the theory. Such effects thus differ from so-called flavour-changing neutral current (FCNC) effects, and can be sizeable even where FCNC effects are small. For distinction, we suggested for them the term "transmutations" in an earlier paper [2] .
Although transmutation, arising as it does only from a disorientation of the mass matrix, appears to be merely kinematical in origin, its significance is profound. The detection of the effect (if any) and its variation with energy will first confirm the concept of the rotating mass matrix, which has similar significance in quantum field theory as the now familiar running coupling constant. Secondly, they will provide new insight into the even more fundamental question on the nature and origin of fermion generations. The fact alone that the generations can rotate into one another already means that they are but different manifestations of the same object, like the different colours of a quark, and suggests the existence of a continuous symmetry relating them. Furthermore, the speed at which the mass matrix rotates, as measured by the variation of the size of transmutation effects with energy, will give indications on how this rotation is driven, whether by conventional forces already known to us, or by new interactions having to do with the origin of generations.
Given that transmutational flavour-violations depend on the energy scale, the fact that flavour-conservation has been stringently tested, say, in µ → eγ at the µ mass scale is no guarantee that flavour-violation will be equally small in another reaction at another scale. In fact, it has already been shown that under certain circumstances the effect can be appreciable and detectable already with current experimental sensitivity [2, 3] . For this reason we suggest that flavour-violation be routinely tested in experiment whenever conditions are favourable.
It seems to us that a particularly favourable context for studying such transmutation effects is in leptonic decays of vector bosons:
Lepton rather than quark final states are preferred for easier comparison with experiment 1 and decays, being essentially single particle effects, are theoretically easiest to analyse. Vector bosons have the added virtue of occurring at masses which span the energy range where lepton-transmutation effects are expected to be largest. That this is so can seen as follows. At a scale close to a lepton mass, transmutational effects are small, because theoretically at exactly the lepton mass scale, the state vector corresponding to that lepton flavour has to be an eigenstate of the mass matrix, which has thus to be diagonal in that state and can give no transmutation. This last assertion is confirmed in experiment by the very stringent bounds on the rates of decays such as µ → eγ, τ → µγ, and τ → eγ which proceed at exactly the lepton mass scale. To obtain appreciable off-diagonal mass matrix elements, energies very different from the lepton masses are preferred. However, if the energy is too high, the mass matrix itself, whether diagonal or otherwise, becomes negligible and so will transmutation also. The largest effects are thus expected in the intermediate energy range populated by the vector bosons φ, ψ, Υ, Z 0 etc. together with their various excitations. These are also the states which have been very well-studied experimentally.
Order of magnitude estimates for some of these decays have already been made in [2] giving encouraging results, although no firm conclusion could be drawn at that stage for lack of a method for performing a proper calculation. Now, however, with the procedure developed in [3] for photo-transmutation of leptons, which we find can be adapted to the present case, a calculation can be carried out. 
where r and s denote the spin respectively of ℓ i andl i . We have not bothered to specify the coupling strength g of the vector boson to the lepton pair for in our branching ratios calulation it will be cancelled out. According to the procedure suggested in [3] , the amplitude for the decay of interest (3) is then given just by a rotation of these diagonal amplitudes M i to the appropriate lepton flavour states, thus:
To obtain the decay rate, with which alone we shall be concerned at present, we average over the initial polarization a of the decaying boson and sum over the final spins r, s of the product leptons, obtaining:
where
The remaining sum over lepton spins cannot readily be done as an invariant trace because of the crossed terms between different internal channels i. As in [3] for photo-transmutation, we shall perform this sum directly by first evaluating the various spin amplitudes explicitly in a particular Lorentz frame and γ-matrix representation. We choose to work in the rest frame of the decaying vector boson:
so that:
For the γ-matrices, we choose the Dirac-Pauli representation:
As a result, we have
With these explicit expressions for the lepton wave functions, it is easy to evaluate the spin amplitudes and perform the sum over the lepton spins giving:
The states i being by definition the eigenstates of the mass matrix m at the scale of the decaying boson mass M, and S αi the rotation matrix relating these states i to the lepton flavour state α = e, µ, or τ , the sum i S † αi S βi m i is just the element α|m|β of the matrix m at the boson mass scale. Hence,
This gives the total width for the decay V −→ ℓ αlβ as:
where we note that the phase space factor ω 2 αβ /E α E β refers as per [3] to the freely propagating "external" leptons, with momentum and energy respectively:
More conveniently, since the coupling g has not been specified, one writes for α = β, i.e. transmutational decays:
where we have neglected terms of the order of the electron mass m e compared to M. Multiplying then this ratio by the experimental branching ratio, if known, of the boson V decaying into e + e − gives the branching ratio of the transmutational ℓ αlβ mode.
One notices that apart from a numerical factor of 2 and the phase space factor ω 2 αβ /E α E β , the formula for the branching ratio (18) for transmutational decays is the same as the order-of-magnitude estimate given in [2] . This formula can now be applied to calculate the branching ratio of transmutational decays of the type (3) given the matrix element α|m|β at scale M. This last depends on the mechanism driving the rotation of the fermion mass matrix, for which there are two alternatives one can consider.
First, one can choose to take the minimal empirical view, accepting without any attempt at explanation the fact that there are 3 and only 3 generations of fermions and that they mix with the mixing matrices observed in experiment. Further, one assumes that there are no forces in nature other than the conventional ones already known so that the the rotation of the mass matrix is driven just by the nondiagonal mixing matrix as per (1) and (2) . Given then the empirical mixing matrix and some intitial mass values, one can evaluate the rotation just by integrating the two equations. This can be done, for example, for quarks directly where the required input information is already available to a reasonable accuracy. For leptons, however, the so-called MNS mixing matrix is still poorly determined in experiment, while the Dirac masses of neutrinos required in the renormalization group equation for the charged lepton mass matrix are almost entirely unknown. Nevertheless, it turns out that one can still draw some concrete conclusions using just the available information by proceeding as follows. Writing out explicitly the equation for the (hermetized) charged lepton mass matrix L, one obtains for the off-diagonal element L αβ :
where U αi are elements of the empirical MNS matrix and V = 246 GeV. Assuming next that the Dirac masses of neutrinos, like other leptons, are hierarchical, meaning here explicitly that m
, one obtains:
where we have taken m α to be greater than m β and neglected m β compared with m α , which approximation for the charged leptons τ, µ, and e is good to the accuracy of a few percent. This last formula (20) is interesting in that it is proportional only to the product of 2 MNS elements both of the type U α3 , so that the rate for the transmutation α ↔ β is now proportional to the product of absolute values squared of two such MNS elements, which happen to be exactly the quantities already determined by experiment to some accuracy. Indeed, |U e3 | 2 is constrained by the CHOOZ experiment [4] to be less than about 0.025, while |U µ3 | 2 is known from Superkamiokande [5] and similar experiments [6] to have a value very close to 1/2, which gives by unitarity |U τ 3 | 2 = 1 − |U µ3 | 2 − |U e3 | 2 also a value close to 1/2. In other words one obtains first, to a few percent accuracy, that 2 :
and second, that the other transmutations e ↔ µ, τ must both have small rates, being proportional to either |U e3 | 2 m
. Combining then the result (21) with the initial condition that L µτ = 0 at scale √ s = m τ , which is seen to hold both from theoretical considerations and from the low existing empirical bound on the decay τ → µγ, one can evaluate the element L µτ , and hence the transmutational rates, at any other scale in terms of the remaining unknown m ν 3 . In what follows, we shall refer to this framework for calculation as the ESM scheme ("E" for empirical). It still depends on a parameter m ν 3 on which little is known empirically. For explicit calculations, we shall take as benchmark value the popular choice of m ν 3 ∼ m τ , i.e. 180 GeV, suggested by some grand unified theories, although no great significance should yet be assigned to this particular value. Alternatively, one may choose to consider a more ambitious framework in which one attempts to explain even the occurrence of 3 generations as a "horizontal symmetry" and the mixing itself of fermion states as a consequence of the mass matrix rotation. A concrete scheme for doing so, called the Dualized Standard Model (DSM) that we ourselves advocate, has had good success not only in explaining the general features of the fermion mass and mixing patterns, but even in giving very sensible values for the mass and mixing parameters [7, 8] . Although the DSM scheme has, of course, to introduce extra forces to drive the rotation other than those conventionally known, and depends thus on several new parameters, these are overwhelmingly over-determined by the need to fit the values of the fermion mass and mixing parameters found in experiment, which means that, in contrast to the ESM above, there is in DSM no freedom left, the rotating mass matrix being now explicitly determined. As a result, transmutation rates can be directly evaluated. Although, of course, the details of the predictions from such a specific scheme would depend on its starting assumptions [7] , and the manner these were implemented [8] , the overall picture can be considered as generic to any framework which gives fermion mixing as a consequence of mass matrix rotation, for the rotation with changing scales has in any case to be of a rate similar to that in DSM so as to give enough difference in orientations between the various fermion states to fit the empirical values of the mixing angles.
With these two explicit schemes each with a rotating (charged lepton) mass matrix given at any energy scale, the formula (18) can be applied immediately to calculate the branching ratios of the transmutational modes by normalizing to the empirical branching ratios of the e + e − mode (or to the µ + µ − mode if more accurate) given in [9] for each decaying boson state. The rotating mass matrix elements for the first case (ESM) can be evaluated from (21), while those for the second case (DSM) are taken from our previous calculations [8] , and can be read from Figure 3 of [2] . The result for the most experimentally interesting vector bosons listed in [9] is given in Table 1 . We have calculated also the branching ratios for the other vector bosons listed in [9] , such as the higher excitations of ψ, but for these, once the mass gets above the DD threshold, hadronic decays prevail, leading to large total widths and hence uninterestingly small branching ratios for the modes that concern us here, as can be seen in the example given of ψ(3770). In any case, the predicted branching ratios for all higher excitations of ψ and Υ are very similar to those given in Table 1 for ψ(3770) and Υ(10860) and are therefore not given again there.
In Table 1 , we note first that the predicted branching ratios for flavourviolating transmutational decays are not as alarmingly large as one might expect at first sight from a whole-sale violation of lepton flavour as the rotating mass matrix implies. Indeed, all the predictions survive existing ex- perimental bounds comfortably, which are surprisingly weak for vector boson decays. Of the vector bosons listed, the data book [9] gives upper limits on lepton-flavour violations only for Z 0 decay, which for the modes µτ, eτ , and eµ are respectively 1.2 × 10 −5 , 9.8 × 10 −6 , and 1.7 × 10 −6 in branching ratios, which are seen to be all easily satisfied by the predictions in Table 1 . Though in itself not a stringent test, the fact that the predictions survive the empirical bounds on Z 0 decays is nevertheless nontrivial, especially in the case of the DSM since the calculation there is entirely parameter-free. As for the reason that present bounds on lepton-flavour violation are so weak in vector boson decays in spite of the large numbers of vector bosons already collected, we suspect that it is the, we think, erroneous impression obtained from e.g. µ −→ eγ we mentioned in the beginning that lepton flavour-violations are always going to be small, giving thus no incentive for experiments to look for them. Now, however, with the numbers obtained in Table 1 as incentive, many of which are well within range of present experimental sensitivity, the search for lepton flavour-violation would seem to be a most frutiful and urgent task for any experiments with large numbers of vector bosons on hand.
Theoretically, lepton-flavour states are by definition eigenstates of the mass matrix at their own mass scales and they would have to remain so if the mass matrix does not rotate under scale changes. Even if there is leptonflavour violation due to some new interactions, such as flavour-changing neutral currents, its strength is stringently limited by existing empirical bounds on such decays as µ → eγ and µ → eee. Indeed, with bounds of this order for lepton decays, estimates typically of order only 10 −13 or less are obtained for the branching ratios of lepton-flavour violating decays for the vector bosons under investigation [10, 11] . Hence, the observation of such modes at a higher rate would mean that although flavour states may be very near diagonal at the µ mass scale, they are no longer diagonal at the higher scales of vector boson masses, or in other words, that the mass matrix rotates with changing energy scales. Given that fermion mass matrix rotation is a necessary consequence of the renormalisation group equation so long as there is nontrivial mixing, the supposed positive result would be a confirmation of the renormalization procedure in quantum field theory of similar significance to the familiar running coupling constant now generally considered as established. Further, as already mentioned, the fact that there is any rotation at all would revolutionalize our one-time conception of flavour states as independent entities, giving them instead the status of being just different components of the same object similar to the different colours of a quark, and supports the idea of a continuous flavour symmetry. This would be a worthwhile result independent of what mechanism is driving the rotation.
Focussing next on the rotation mechanism, let us first examine the ESM case. We note that the predicted branching ratios in the second column of Table 1 are all of the order 10 −8 or less which is at the lower sensitivity limit of present experiment. For example, with the 60 million ψ's soon to be collected at BEPC, one expects to see only about half an event in the µτ mode. We recall, however, that these predictions were evaluated with an assumed Dirac mass of the heaviest neutrino m ν 3 = 180 GeV chosen merely as benchmark in deference to popular theoretical bias, which is in any case meant only as an order-of-magnitude estimate. With the rate for µτ mode being, according to (18) and (21), proportional to m
, any larger choice would bring the predicted rates within the present range of experimental sensitivity. For instance, with m ν 3 = 3m t , one would expect already around 50 µτ decays in the projected sample of 60 million ψ's from BEPC next year. That being the case, it may be more practical to turn the argument around and convert by (18) and (21) any experimental values or bounds on the branching ratios of µτ modes into values of or bounds on the Dirac mass of the heaviest neutrino ν 3 . Hence, via the see-saw mechanism [12] and the now almost known physical masses of the neutrino ν 3 , these may further be converted into values of or bounds on the right-handed neutrino mass which is a quantity of considerable theoretical significance. For example, with the rather weak bound given in [9] for Z 0 −→ µτ of 1.2 × 10 −5 one obtains already m ν 3 < 2 TeV and further, with the value for the physical mass of ν 3 suggested by [5] , one gets a bound on the right-handed neutrino mass B < 10 17 GeV. But with the present sensitivity of BEPC on ψ decay, one can easily bring the corresponding bound on B down to the theoretically interesting socalled grand unification scale of 10 15 GeV. And these bounds, we recall, are derived through the standard renormalization group equations from just the empirically known facts on neutrino oscillations plus the seemingly reasonable assumption that m Table 1 we find most interesting are those from the DSM calculations for the following reasons. First, they offer a direct probe into the long-standing and fundamental question on the origin of fermion generations to which the DSM claims to have suggested an answer. Secondly, they are meant to be genuine predictions, not just bounds or estimates, since the calculations depend on no unknown parameters. And thirdly, as seen in the last column of Table 1 , the branching ratios predicted by the DSM for several transmutational decays fall well within the sensitivity range of present experimental set-ups. In particular, the µτ decay modes of ψ(1S), ψ(2S), Υ(1S), and Υ(2S), are seen each to have a predicted branching ratio of several parts in a million and hence well within the present sensitivity range of BEPC, PEP II (BaBar) and BELLE. For instance, BEPC has already collected more than 20 million ψ's to-date, and expects to collect twice as many more next year, which would mean for the predicted branching ratio of 6.3 × 10 −6 as many as 120 now, and 360 next year, of µτ decays assuming 100 percent detection efficiency. Similarly, PEP II has already accumulated for BaBar in a year over 20 fb −1 in luminosity, which means that if the machine is run at the Υ(1S) with a cross section of around 25 nb, it would collect in just a couple of months of running already enough Υ events to give, at a branching ratio of 1.2×10 −6 , over 100 µτ decays, again assuming 100 percent detection efficiency. Such numbers look sufficient for checking unambiguously the DSM predictions.
Since the DSM predictions in Table 1 were derived through a fairly long chain of arguments based on premises which, being relatively new, may not be so widely known, let us examine the implications of the predictions in greater detail to clarify what exactly is involved at what stage. Before doing so, it should perhaps be stressed again that, if one accepts the logic leading to the concept of transmutation, the rotation mechanism of DSM, as well as the procedure detailed above for calculating transmutation decay rates, then the listed branching ratios are meant to be actual predictions, not just bounds or estimates, since there are no adjustable parameters in the present calculation.
Suppose first, pessimistically, that experiment finds no flavour-violation at the predicted level or finds transmuations but at different rates from the values predicted. Then, assuming no trivial errors have been committed, the disagreement will have to be assigned either to our calculational method adopted from [3] , or else to the values of the rotation matrix elements obtained from the calculation in [8] . The method in [3] for perturbative calculations with a rotating mass matrix was constructed following a seemingly reasonable line of arguments but could not claim to be a logical deduction from field theory, and so could possibly be wrong. Even so, however, the order-of-magnitude estimates for the rates, first made in [2] , should still be correct. Hence, if even the order-of-magnitude turns out to be systematically contradicted by experiment, it would mean the other alternative, namely that the rotating mass matrix given in [8] is wrong, which would be much more damaging, for this is the same matrix which gave in the DSM scheme seemingly correct values for the lepton mixing parameters relevant to neutrino oscillations. Some adjustments to the specific implementation in [8] of the basic DSM idea are admissible, perhaps even necessary in view of some shortcomings [13] , but any drastic change is likely to spoil its present overall agreement with experiment. Such a failure in the lepton sector, however, does not by itself invalidate the DSM's excellent results in the quark sector, since the DSM results on leptons [14, 8] involve assumptions on neutrinos on which the quark results do not depend. Nor does a failure of the lepton sector invalidate the original theoretical result of nonabelian duality [15] or the idea of relating dual colour to generations [7] , since very little of either enter in detail into the present calculations, as was explained in [8] . But it would certainly reduce by a considerable amount the practical attractiveness of the scheme which has remained so far a phenomenologically viable solution to the whole generation puzzle applicable to both quarks and leptons [16] .
On the other hand, suppose now, optimistically instead, that leptonflavour violation is detected in vector boson decays by experiment at some level, what conclusions then can one draw? If the observed branching ratios are only of the order listed in the second column of Table 1 , then the required rotation could just be driven by the mixing matrix as per (1) and (2) with only conventional forces at work. However, if the observed branching ratios are higher, say of the order predicted in the third column of Table  1 , then they can be taken as indicative of new forces driving the rotation, probably related to the fundamental question of the existence of generations, for the mass matrix rotation implied by transmutational effects of this size would already be strong enough to give the known fermion mixing patterns themselves as a consequence. The picture implied would then be similar to that advocated by the DSM scheme [7] though possibly differing in details with its present implementation [8] . But, of course, if it happens that the observed branching ratios actually agree with the predictions given in the third column of Table 1 , it would mean not only a reconfirmation of the DSM scheme as a viable solution to the generation puzzle but the scoring of a highly nontrivial point in its favour for correctly predicting, quantitatively and unambiguously, the new, and apparently previously unsuspected, phenomenon of fermion transmutation.
In any case, the search for lepton-flavour violation in vector boson decay would seem to be a very worthwhile and urgent pursuit, which will lead to physically interesting conclusions whether the result should end up positive or negative.
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